Introduction {#S0001}
============

Non-small cell lung cancer (NSCLC) is a common type of lung cancer (LC), taking up about 80%.[@CIT0001],[@CIT0002] Due to the immaturity of early diagnosis techniques, about 70% of patients are diagnosed with LC in the advanced stage, which greatly increases the death rate of LC.[@CIT0003],[@CIT0004] Despite many proposed treatment strategies for NSCLC, the 5-year survival rate for NSCLC is currently about 17%.[@CIT0005] Therefore, it is urgent to discover new diagnostic markers for NSCLC treatment.

Circular RNAs (circRNAs) are a new type of non-coding RNA with closed-loop structure.[@CIT0006] Current studies have found that circRNAs are abnormally expressed in many cancers, which is expected to be biomarkers for cancer to participate in the regulation of cancer progression.[@CIT0007],[@CIT0008] For example, hsa_circ_0023404 could act as an oncogene to promote the proliferation and metastasis of NSCLC,[@CIT0009] while hsa_circ_0008305 functioned as a tumor suppressor to block the EMT process and tumor metastasis of NSCLC.[@CIT0010] Hsa_circ_0043265 is newly discovered circRNA. Chen et al reported that hsa_circ_0043265 is under-expressed in NSCLC tissues compared to adjacent normal tissues screened by circRNA microarray.[@CIT0011] However, its role and molecular mechanism in NSCLC have not been studied.

MicroRNAs (miRNAs) are small non-coding RNA that bind to target genes to play regulatory roles.[@CIT0012] Some circRNAs can be used as competitive endogenous RNAs (ceRNAs) to sponge miRNAs to take part in the regulation of target genes.[@CIT0013],[@CIT0014] For instance, hsa_circ_0053277 could sponge miR-2467-3p to promote the progression of colorectal cancer throtough regulating MMP14 expression.[@CIT0015] Also, circ_0039569 increased cell growth and metastasis in renal cell carcinoma by the miR-34a-5p/CCL22 axis.[@CIT0016] In cancer-related miRNAs, miR-25-3p had increased expression in many cancers and played a carcinogenic role, such as retinoblastoma, glioma and liver cancer.[@CIT0017]--[@CIT0019] Studies had shown that miR-25 was upregulated in NSCLC and participated in the proliferation and metastasis of NSCLC.[@CIT0020]--[@CIT0022] Therefore, the study of miR-25-3p can help us better understand the mechanisms that affect the progression of NSCLC.

Forkhead box P2 (FOXP2) is originally discovered as a gene that controls the development of speech and language.[@CIT0023] As more research has progressed, it has been found that FOXP2 is also under-expressed in many cancers. Chen et al revealed that FOXP2 was lower expressed in breast cancer and its knockdown promoted migration and invasion of breast cancer.[@CIT0024] Jia et al suggested that FOXP2 was decreased expression in gastric cancer and took part in the progression of gastric cancer regulated by miR-190.[@CIT0025] Li et al determined that FOXP2 was downregulated in NSCLC and could act as a target of miR-671-3p to participate in the regulation of miR-671-3p on the progression of NSCLC.[@CIT0026] Therefore, FOXP2 might act as an important negative regulator of NSCLC progression.

Herein, our research explored the expression of hsa_circ_0043265 in NSCLC and investigated its role in NSCLC. The discovery of miR-25-3p/FOXP2 axis perfected the molecular mechanism of hsa_circ_0043265 and provided a theoretical basis for the research of hsa_circ_0043265 on the early diagnosis of NSCLC.

Materials and Methods {#S0002}
=====================

Samples Collection {#S0002-S2001}
------------------

The tumor tissues (Tumor) and adjacent normal tissues (Normal) of 25 NSCLC patients were collected from Luoyang Central Hospital Affiliated to Zhengzhou University and frozen at -80°C for experimental use. All patients did not receive any treatment and signed informed consents. This study was authorized by the Ethics Committee of Luoyang Central Hospital Affiliated to Zhengzhou University and was carried out in accordance with the principles of the Declaration of Helsinki.

Cell Culture {#S0002-S2002}
------------

NSCLC cells (A549, NCI-H23, NCI-H1299 and HCC827) and human normal lung epithelial cells (BEAS-2B) were bought from American Type Culture Collection (ATCC, Manassas, VA, USA). A549 cells were cultured in Kaighn's Modification of Ham's F-12 (F-12K) medium (ATCC), NCI-H23, NCI-H1299 and HCC827 cells were cultured in RPMI-1640 (Sigma-Aldrich, St Louis, MO, USA) and BEAS-2B cells were cultured in Dulbecco's modified Eagle's medium (DMEM; HyClone, Logan, Utah, USA). All medium contained 10% fetal bovine serum (FBS; Sijiqing, Hangzhou, China), 1% penicillin (100 U/mL)/streptomycin (100 μg/mL), and all cells were incubated at 37°C with 5% CO~2~.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------

Total RNAs were extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA) and reverse-transcribed into complementary DNA (cDNA) using Universal RT-PCR Kit (Solarbio, Beijing, China). QRT-PCR was analyzed by the ABI 7900 System (Applied Biosystems, Foster City, CA, USA) using SYBR Green (Solarbio). Relative expression values were calculated by the 2^−∆∆Ct^ method and normalized by glyceraldehyde 3-phosphate dehydrogenase (GAPDH) or U6. All primers were listed as below: hsa_circ_0043265: F 5ʹ-CAACGCAGGCATCAGAAGATT-3ʹ, R 5ʹ-AGGAAGGCCACTTCATAAGTCTG-3ʹ; FOXP2: F 5ʹ-CCACGAAGACCTCAATGGTT-3ʹ, R 5ʹ-TCACGCTGAGGTTTCACAAG-3ʹ; GAPDH: F 5ʹ-AGAAGGCTGGGGCTCATTTG-3ʹ, R 5ʹ-AGGGGCCATCCACAGTCTTC-3ʹ; miR-25-3p: F 5ʹ-ACGTCTACACTCCATTGCACTTGTCTCGG-3ʹ, R 5ʹ-CAGTGCGTGTCGTGGAGT-3ʹ; U6: F 5ʹ-GCAGGAGGTCTTCACAGAGT-3ʹ, R 5ʹ-TCTAGAGGAGAAGCTGGGGT-3ʹ.

Chromogenic in situ Hybridization (CISH) {#S0002-S2004}
----------------------------------------

About 4 μm-thick formalin-fixed paraffin-embedded sections of NSCLC tumor tissues (Tumor, n = 6) and adjacent normal tissues (Normal, n = 6) from the original cohort of 25 NSCLC patients were used for mRNA CISH staining, using the Leica Bond Rx autostainer and detected using the ViewRNA red stain kit (Affymetrix, Santa Clara, CA, USA). Probe for hsa_circ_0043265 was obtained from Affymetrix.

CircRNA Identification {#S0002-S2005}
----------------------

The extracted RNA was treated with Ribonuclease R (RNase R; Duma, Shanghai, China) and the hsa_circ_0043265 expression was detected by qRT-PCR to verify the authenticity of hsa_circ_0043265. GAPDH was served as the endogenous control. Also, A549 and NCI-H23 cells were treated with Actinomycin D (ActD; Amyjet Scientific, Wuhan, China) for 0 h, 5 h, 10 h, 15 h and 20 h. The expression levels of hsa_circ_0043265 and GAPDH were determined by qRT-PCR to verify the stability of hsa_circ_0043265.

Plasmid Construction and Transfection {#S0002-S2006}
-------------------------------------

Hsa_circ_0043265 overexpression plasmid and small interfering RNA (siRNA) (hsa_circ_0043265 and si-hsa_circ_0043265) or their negative controls (circ-NC and si-NC), miR-25-3p mimic (miR-25-3p) and its negative control (NC), siRNA against FOXP2 (si-FOXP2) and its negative control (scramble) were provided by Ribobio (Guangzhou, China). The sequences of siRNA and miRNA mimic were listed as follows: si-hsa_circ_0043265: 5ʹ-AAACAAAGAGAUAGCAUUGCC-3ʹ; si-FOXP2: 5ʹ-GACAGGCAGTTAACACTTAAT-3ʹ; si-NC or scramble: 5ʹ-UUCUCCGAACGUGUCACGUTT-3ʹ; miR-25-3p mimic: 5ʹ-CAUUGCACUUGUCUCGGUCUGA-3ʹ; NC: 5ʹ-GGUUCGUACGUACACUGUUCA-3ʹ. Lentivirus hsa_circ_0043265 overexpression vector (Lv-hsa_circ_0043265) and its negative control (Lv-NC) were constructed by Genewiz (Suzhou, China). Lipofectamine 2000 (Invitrogen) was used to transfect all plasmid vectors into A549 and NCI-H23 cells.

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2007}
---------------------------------

A549 and NCI-H23 cells were seeded into 96-well plates. After transfection, cells were treated with CCK-8 solution (Amyjet Scientific) for 4 h at the specified time point (24 h, 48 h and 72 h). The absorbance was measured at 450 nm using a microplate reader (Molecular devices, Shanghai, China).

Flow Cytometry {#S0002-S2008}
--------------

A549 and NCI-H23 cells were digested with trypsin (Solarbio) and collected into the centrifuge tubes. After centrifugation, the cells were re-suspended with binding buffer (Beyotime, Shanghai, China) and then stained with Annexin V-fluorescein isothiocyanate (FITC) and Propidium iodide (PI) (Beyotime) for 15 min. Fluorescence signals were detected by Flow cytometer (Beckman Coulter, San Jose, CA, USA) and the apoptosis rate of cells was counted.

Transwell Assay {#S0002-S2009}
---------------

The migration and invasion of A549 and NCI-H23 cells were detected using transwell chambers with an 8 µm pore size (Corning lnc., Corning, NY, USA), which coated Matrigel (Corning lnc.) to detect cell invasion and not coated Matrigel to detect cell migration. Briefly, A549 and NCI-H23 cells were seeded into upper chambers containing the serum-free medium. The lower chambers were filled with serum medium. After 24 h, the lower chamber cells were fixed with paraformaldehyde and stained with crystal violet, and the numbers of migration and invasion cells were examined under an inverted microscope (Leica, Wetzlar, Germany).

Western Blot (WB) Analysis {#S0002-S2010}
--------------------------

Total proteins were extracted using RIPA buffer (Beyotime) and quantified using BCA Kit (Beyotime). The equivalent amount of protein was isolated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, Billerica, MA, USA). Then, the membranes were closed with 5% non-fat milk and incubated with the primary antibodies against caspase 3 (1:1000, Beyotime), B-cell lymphoma-2 (Bcl-2; 1:2000, Abcam, Cambridge, MA, USA), Bcl-2-associated x protein (Bax; 1:5000, Abcam), E-cadherin (1:1000, Abcam), Vimentin (1:2000, Abcam), FOXP2 (1:1000, Abcam), proliferating cell nuclear antigen (PCNA; 1:5000, Abcam) or GAPDH (1:5000, Abcam) at 4°C overnight. After incubated with the secondary antibody (1:2000, Abcam) for 1 h, the membranes were treated with enhanced chemiluminescence reagent (Beyotime) to visualize the protein signals.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2011}
-----------------------------------

Magna RIP^TM^ RNA-Binding Protein Immunoprecipitation Kit (Millipore) was used for RIP assay. A549 and NCI-H23 cells were lysed using RIP lysis buffer and incubated with magnetic beads conjugated with the argonaute2 (Ago2) antibody (Anti-Ago2) or negative control immunoglobulin G (IgG) antibody (Anti-IgG). Part of cell lysates was not incubated with magnetic beads and served as a blank control (Input). After purification of RNA from the immunoprecipitates, the enrichment of hsa_circ_0043265, miR-25-3p and FOXP2 in Input, Anti--IgG or Anti-Ago2 were analyzed by qRT-PCR.

Dual-Luciferase Reporter Assay {#S0002-S2012}
------------------------------

ENCORI tool was used to predict the binding sites between miR-25-3p and hsa_circ_0043265 or FOXP2. The wild-type and mutant-type hsa_circ_0043265 (hsa_circ_0043265-wt/mut) or FOXP2 3ʹUTR (FOXP2-wt/mut) reporter vectors containing the miR-25-3p target binding sites and mutant binding sites were synthesized by General Biosystems (Anhui, China). A549 and NCI-H23 cells were co-transfected with miR-25-3p mimic or miR-NC and the above reporter vectors using Lipofectamine 2000 (Invitrogen). After transfection for 48 h, the luciferase activities were measured using Dual-Lucy Assay Kit (Solarbio).

Animal Experiments {#S0002-S2013}
------------------

Animal experiments were authorized by the Animal Research Committee of Luoyang Central Hospital Affiliated to Zhengzhou University. One-month-old male BALB/c-nude mice were brought from Cavens Laboratory Animals Co., LTD. (Changzhou, China). A549 cells transfected with Lv-hsa_circ_0043265 or Lv-NC were injected into nude mice to establish the mice xenograft models. Tumor length and width were recorded weekly to calculate the tumor volume according to the formula: volume= length × width^2^/2. After 5 weeks, the tumor was removed for weight measurement, qRT-PCR and WB analysis.

Statistical Analysis {#S0002-S2014}
--------------------

The data were presented as the means ± standard deviation (SD) and analyzed using the SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). Statistical significance was determined using Student's *t*-test and one-way analysis of variance. Pearson correlation coefficient analysis was used to evaluate the correlation. Differences were defined as statistically significant for *P* \< 0.05.

Results {#S0003}
=======

Hsa_circ_0043265 Was Downregulated in NSCLC Tissues and Cells {#S0003-S2001}
-------------------------------------------------------------

Firstly, we detected the expression of hsa_circ_0043265 in NSCLC. As shown in [Figure 1A](#F0001){ref-type="fig"}, hsa_circ_0043265 expression was significantly lower in NSCLC tumor tissues (Tumor) than that in adjacent normal tissues (Normal), and CISH confirmed the downregulated expression of hsa_circ_0043265 in NSCLC tissues. Besides, the relationship between hsa_circ_0043265 expression and clinicopathological parameters of NSCLC patients showed that low hsa_circ_0043265 expression was positively correlated with tumor size, tumor nodes metastasis (TNM) stage and lymph node metastasis in NSCLC patients (*P* \< 0.05, [Table 1](#T0001){ref-type="table"}). Compared with BEAS-2B cells, the expression of hsa_circ_0043265 in four NSCLC cells (A549, NCI-H23, NCI-H1299 and HCC827) was dramatically decreased, especially in A549 and NCI-H23 cells ([Figure 1B](#F0001){ref-type="fig"}). To verify the authenticity of hsa_circ_0043265, we treated A549 and NCI-H23 cells with RNase R. The results showed that RNase R treatment markedly reduced the expression of linear transcript GAPDH, while the expression of hsa_circ_0043265 remained unchanged in A549 and NCI-H23 cells ([Figure 1C](#F0001){ref-type="fig"}). Also, we used ActD to verify the stability of hsa_circ_0043265 and found that hsa_circ_0043265 was more stable than GAPDH in A549 and NCI-H23 cells ([Figure 1D](#F0001){ref-type="fig"}). These results suggested that hsa_circ_0043265 was a real circRNA and might have an essential function in NSCLC.Table 1Correlation Between hsa_circ_0043265 Expression and Clinicopathological Parameters of NSCLC Patients (n = 25)Clinical Featurenhsa_circ_0043265*P* -valueHighLowAge0.5615 ≥601486 \<601156Gender0.7896 Man1688 Woman954Tumor size0.0186\* ≥3cm18126 \<3cm716TNM state0.0283\* III+IV14104 I+II1138Lymph node metastasis0.0089\* Negative1028 Positive15114[^1] Figure 1The expression of hsa_circ_0043265 in NSCLC tissues and cells. (**A**) The expression of hsa_circ_0043265 was detected by qRT-PCR in NSCLC tissues (Tumor) and adjacent normal tissues (Normal). CISH analysis was used to detect hsa_circ_0043265 expression in Tumor and Normal. (**B**) QRT-PCR was used to measure the hsa_circ_0043265 expression in NSCLC cells (A549, NCI-H23, NCI-H1299 and HCC827) and human normal lung epithelial cells (BEAS-2B). (**C**) After treated with RNAse R, the expression levels of hsa_circ_0043265 and GAPDH in A549 and NCI-H23 cells were assessed by qRT-PCR to evaluate the authenticity of hsa_circ_0043265. (**D**) After treatment with ActD, the relative RNA levels of hsa_circ_0043265 and GAPDH were analyzed by qRT-PCR in A549 and NCI-H23 cells at the indicated time points. \**P* \< 0.05.

Overexpressed-hsa_circ_0043265 Inhibited Proliferation, Migration, Invasion, EMT and Induced Apoptosis in NSCLC Cells {#S0003-S2002}
---------------------------------------------------------------------------------------------------------------------

To explore the biological effect of hsa_circ_0043265 on NSCLC, we transfected hsa_circ_0043265 overexpression plasmid into A549 and NCI-H23 cells. QRT-PCR results indicated that hsa_circ_0043265 overexpression plasmid had an excellent promotion effect on hsa_circ_0043265 expression in both cells, indicating a good transfection efficiency ([Figure 2A](#F0002){ref-type="fig"}). Then, CCK-8 assay results revealed that compared with circ-NC, overexpression of hsa_circ_0043265 remarkably hindered the proliferation of A549 and NCI-H23 cells ([Figure 2B](#F0002){ref-type="fig"}). Besides, through flow cytometry, we also found that overexpressed-hsa_circ_0043265 promoted the apoptosis rates of A549 and NCI-H23 cells, indicating that hsa_circ_0043265 overexpression induced the apoptosis of NSCLC cells ([Figure 2C](#F0002){ref-type="fig"}). Furthermore, the number of migrated and invaded A549 and NCI-H23 cells were markedly reduced after overexpression of hsa_circ_0043265, suggesting that hsa_circ_0043265 overexpression suppressed the migration and invasion of NSCLC cells ([Figure 2D](#F0002){ref-type="fig"} and [E](#F0002){ref-type="fig"}). By detecting the levels of apoptosis and EMT-related proteins, we concluded that hsa_circ_0043265 overexpression increased the protein levels of C-caspase 3/total-caspase 3, Bax, E-cadherin, and reduced Bcl-2 and Vimentin protein levels ([Figure 2F](#F0002){ref-type="fig"}), indicating that overexpressed-hsa_circ_0043265 promoted the apoptosis and impeded the EMT process of A549 and NCI-H23 cells. Therefore, the above results confirmed that hsa_circ_0043265 might be involved in the development of NSCLC as a tumor suppressor.Figure 2Effects of hsa_circ_0043265 overexpression on the progression of NSCLC cells. A549 and NCI-H23 cells were transfected with hsa_circ_0043265 overexpression plasmid or circ-NC. (**A**) The expression of hsa_circ_0043265 was detected by qRT-PCR to evaluate transfection efficiency. (**B**) CCK-8 assay was performed to assess the proliferation ability of A549 and NCI-H23 cells. (**C**) The apoptosis rate of A549 and NCI-H23 cells was determined by flow cytometry. (**D** and **E**) Transwell assay was performed to detect the number of migrated and invaded A549 and NCI-H23 cells. (**F**) The levels of apoptosis-related proteins (C-caspase 3/total-caspase 3, Bcl-2 and Bax) and EMT-related proteins (E-cadherin and Vimentin) in A549 and NCI-H23 cells were detected by WB analysis. \**P* \< 0.05.

miR-25-3p Had a Target Site with hsa_circ_0043265 {#S0003-S2003}
-------------------------------------------------

Moreover, we also discovered that miR-25-3p was upregulated in NSCLC tissues and cells ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}), and its expression trend was opposite to that of hsa_circ_0043265. To confirm the relationship between them, RIP assay was carried out and the expression levels of endogenous hsa_circ_0043265 and miR-25-3p pulled down by Ago2 were analyzed by qRT-PCR. The results showed that Anti-Ago2 precipitated a large number of hsa_circ_0043265 and miR-25-3p in A549 and NCI-H23 cells, indicating that hsa_circ_0043265 might be related to miR-25-3p ([Figure 3C](#F0003){ref-type="fig"}). Then, through the ENCORI tool, we found that miR-25-3p had complementary binding sites with hsa_circ_0043265 ([Figure 3D](#F0003){ref-type="fig"}). Besides, correlation analysis showed that the expression of miR-25-3p was negatively correlated with hsa_circ_0043265 in NSCLC tissues ([Figure 3E](#F0003){ref-type="fig"}). To further confirm the interaction between them, we performed the dual-luciferase reporter assay, which showed that miR-25-3p overexpression remarkably reduced the luciferase activity of hsa_circ_0043265-wt in A549 and NCI-H23 cells, whereas had no effect on hsa_circ_0043265-mut ([Figure 3F](#F0003){ref-type="fig"}). Furthermore, in order to evaluate the effect of hsa_circ_0043265 expression on miR-25-3p expression in NSCLC cells, we transfected hsa_circ_0043265 overexpression plasmid or si-hsa_circ_0043265 into A549 and NCI-H23 cells to detect the expression of miR-25-3p expression, and discovered that miR-25-3p expression was impeded by hsa_circ_0043265 overexpression, while improved by hsa_circ_0043265 knockdown ([Figure 3G](#F0003){ref-type="fig"}). All data demonstrated that hsa_circ_0043265 could sponge miR-25-3p in NSCLC cells.Figure 3Hsa_circ_0043265 acted as a sponge of miR-25-3p. (**A** and **B**) MiR-25-3p was higher expressed in NSCLC tissues and cells detected by qRT-PCR. (**C**) RIP assay was performed to determine the enrichment of hsa_circ_0043265 and miR-25-3p in Anti-Ago2 or Anti--IgG. (**D**) The sequences of hsa_circ_0043265 containing the miR-25-3p binding sites or mutant binding sites were shown. (**E**) The correlation between miR-25-3p and hsa_circ_0043265 expression was measured by Pearson correlation coefficient analysis. (**F**) Dual-luciferase reporter assay was used to detect the luciferase activities of hsa_circ_0043265-wt and hsa_circ_0043265-mut to evaluate the interaction between miR-25-3p and hsa_circ_0043265 in A549 and NCI-H23 cells. (**G**) The expression of miR-25-3p was detected by qRT-PCR to assess the effect of hsa_circ_0043265 expression on the expression of miR-25-3p in A549 and NCI-H23 cells. \**P* \< 0.05.

miR-25-3p Could Reverse the Effects of Overexpressed-hsa_circ_0043265 on Proliferation, Apoptosis, Migration, Invasion and EMT in NSCLC Cells {#S0003-S2004}
---------------------------------------------------------------------------------------------------------------------------------------------

To confirm the function of miR-25-3p on the progression of NSCLC cells, we co-transfected hsa_circ_0043265 overexpression plasmid and miR-25-3p mimic into A549 and NCI-H23 cells. By detecting the expression of miR-25-3p, we found that overexpressed-hsa_circ_0043265 had a good inhibitory effect on miR-25-3p expression and miR-25-3p mimic had a good promoting effect on miR-25-3p expression, indicating that the transfection of them was successful ([Figure 4A](#F0004){ref-type="fig"}). Besides, CCK-8 assay and flow cytometry results determined that the inhibitory effect of hsa_circ_0043265 overexpression on proliferation and promotion effect of it on apoptosis in A549 and NCI-H23 cells could be reversed by miR-25-3p overexpression ([Figure 4B](#F0004){ref-type="fig"} and C). Also, transwell assay revealed that miR-25-3p overexpression inverted the inhibition effect of overexpressed-hsa_circ_0043265 on the migration and invasion of A549 and NCI-H23 cells ([Figure 4D](#F0004){ref-type="fig"} and [E](#F0004){ref-type="fig"}). Furthermore, the promotion effects of overexpressed-hsa_circ_0043265 on the protein levels of C-caspase 3/total-caspase 3, Bax, E-cadherin and the suppression effects on the protein levels of Bcl-2 and Vimentin could be restored by miR-25-3p overexpression ([Figure 4F](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}). Hence, these results suggested that miR-25-3p played a vital role in the regulation of NSCLC progression regulated by hsa_circ_0043265.Figure 4Effects of miR-25-3p on the progression of NSCLC cells. A549 and NCI-H23 cells were co-transfected with hsa_circ_0043265 overexpression plasmid and miR-25-3p mimic or their negative controls (circ-NC and NC). (**A**) The expression of miR-25-3p was determined by qRT-PCR to evaluate the transfection efficiency of hsa_circ_0043265 overexpression plasmid and miR-25-3p mimic. (**B**) The proliferation of A549 and NCI-H23 cells was tested by CCK-8 assay. (**C**) Flow cytometry was performed to assess the apoptosis rate of A549 and NCI-H23 cells. (**D** and **E**) The number of migrated and invaded A549 and NCI-H23 cells were measured by transwell assay. (**F** and **G**) The protein levels of C-caspase 3/total-caspase 3, Bcl-2, Bax, E-cadherin and Vimentin in A549 and NCI-H23 cells were detected by WB analysis. \**P* \< 0.05.

miR-25-3p Targeted FOXP2 {#S0003-S2005}
------------------------

For another, we detected the FOXP2 expression in NSCLC. QRT-PCR results indicated that FOXP2 was lower expressed in NSCLC tumor tissues (Tumor) compared with adjacent normal tissues (Normal) ([Figure 5A](#F0005){ref-type="fig"}). Similarly, at the protein level, we get consistent results ([Figure 5B](#F0005){ref-type="fig"}). Besides, we found that FOXP2 protein level was markedly reduced in NSCLC cells compared with BEAS-2B cells ([Figure 5C](#F0005){ref-type="fig"}). These revealed that the expression trend of FOXP2 was opposite to that of miR-25-3p, so we further verified the relationship between them. RIP assay showed that miR-25-3p and FOXP2 were enriched in Anti-Ago2, suggesting that FOXP2 might be related to miR-25-3p in NSCLC cells ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}). With the help of ENCORI tool, we found a putative miR-25-3p binding site located in FOXP2 3ʹUTR ([Figure 5F](#F0005){ref-type="fig"}). Also, correlation analysis determined that the FOXP2 expression was positively correlated with hsa_circ_0043265 and negatively correlated with miR-25-3p in NSCLC tissues ([Figure 5G](#F0005){ref-type="fig"} and [H](#F0005){ref-type="fig"}). Dual-luciferase reporter assay results revealed that miR-25-3p overexpression markedly inhibited the luciferase activity of FOXP2-wt, while did not affect FOXP2-mut in A549 and NCI-H23 cells ([Figure 5I](#F0005){ref-type="fig"}). To determine the regulatory effect of hsa_circ_0043265 and miR-25-3p on FOXP2, we detected the protein level of FOXP2 in A549 and NCI-H23 cells co-transfected with hsa_circ_0043265 overexpression plasmid and miR-25-3p mimic. The results indicated that miR-25-3p overexpression could restrain the FOXP2 level, while the addition of hsa_circ_0043265 reversed this inhibition and thus restored FOXP2 level ([Figure 5J](#F0005){ref-type="fig"}). Therefore, these data revealed that FOXP2 was a target of miR-25-3p, and its expression was regulated by miR-25-3p and hsa_circ_0043265.Figure 5FOXP2 was targeted by miR-25-3p. (**A** and **B**) The mRNA and protein levels of FOXP2 in NSCLC tissues (Tumor) and adjacent normal tissues (Normal) were detected by qRT-PCR and WB analysis. (**C**) The protein level of FOXP2 in NSCLC cells (A549, NCI-H23, NCI-H1299 and HCC827) and human normal lung epithelial cells (BEAS-2B) was measured by WB analysis. (**D** and **E**) RIP assay was used to detect the enrichment of FOXP2 and miR-25-3p in Anti-Ago2 or Anti--IgG. (**F**) The sequences of FOXP2 3ʹUTR containing the miR-25-3p binding sites or mutant binding sites were shown. (**G** and **H**) The correlation between FOXP2 and hsa_circ_0043265 or miR-25-3p expression was determined by Pearson correlation coefficient analysis. (**I**) Dual-luciferase reporter assay was performed to measure the luciferase activities of FOXP2-wt and FOXP2-mut to evaluate the interaction between FOXP2 and miR-25-3p in A549 and NCI-H23 cells. (**J**) WB analysis was used to detect the protein level of FOXP2 to assess the effect of hsa_circ_0043265 and miR-25-3p expression on the protein level of FOXP2 in A549 and NCI-H23 cells. \**P* \< 0.05.

Knockdown of FOXP2 Inverted the Effects of Overexpressed-hsa_circ_0043265 on Proliferation, Apoptosis, Migration, Invasion and EMT in NSCLC Cells {#S0003-S2006}
-------------------------------------------------------------------------------------------------------------------------------------------------

To identify the role of FOXP2 in the progression of NSCLC cells, we co-transfected hsa_circ_0043265 overexpression plasmid and si-FOXP2 into A549 and NCI-H23 cells. The detection of FOXP2 protein level results showed that FOXP2 level was promoted by hsa_circ_0043265 overexpression and suppressed by FOXP2 knockdown in A549 and NCI-H23 cells, indicating that the transfection of them was successful ([Figure 6A](#F0006){ref-type="fig"}). CCK-8, flow cytometry and transwell assays results determined that the inhibition effects of overexpressed-hsa_circ_0043265 on the proliferation, migration, invasion and the promotion effect of it on the apoptosis of A549 and NCI-H23 cells could be reversed by FOXP2 silencing ([Figure 6B](#F0006){ref-type="fig"}--[E](#F0006){ref-type="fig"}). Besides, the decrease of C-caspase 3/total-caspase 3 and Bax protein levels and the increase of Bcl-2 level also confirmed that FOXP2 silencing reversed the promoting effect of hsa_circ_0043265 overexpression on apoptosis of A549 and NCI-H23 cells ([Figure 6F](#F0006){ref-type="fig"} and [G](#F0006){ref-type="fig"}). Then, E-cadherin and Vimentin levels were detected in A549 and NCI-H23 cells, and the results disclosed that the suppression of hsa_circ_0043265 overexpression on the EMT process in A549 and NCI-H23 cells could be inverted by FOXP2 knockdown ([Figure 6F](#F0006){ref-type="fig"} and [G](#F0006){ref-type="fig"}). These results illustrated that FOXP2 was an essential target gene in the regulation of hsa_circ_0043265 on the progression of NSCLC cells.Figure 6Effects of FOXP2 silencing on the progression of NSCLC cells. A549 and NCI-H23 cells were co-transfected with hsa_circ_0043265 overexpression plasmid and si-FOXP2 or their negative controls (circ-NC and scramble). (**A**) The protein level of FOXP2 was measured by WB analysis to evaluate the transfection efficiency of hsa_circ_0043265 overexpression plasmid and si-FOXP2. (**B**) CCK-8 assay was used to detect the proliferation of A549 and NCI-H23 cells. (**C**) The apoptosis rate of A549 and NCI-H23 cells was assessed by flow cytometry. (**D** and **E**) The number of migrated and invaded A549 and NCI-H23 cells were determined by transwell assay. (**F** and **G**) WB analysis was performed to test the protein levels of C-caspase 3/total-caspase 3, Bcl-2, Bax, E-cadherin and Vimentin in A549 and NCI-H23 cells.\**P* \< 0.05.

Overexpression of hsa_circ_0043265 Inhibited the Tumor Growth of NSCLC in vivo {#S0003-S2007}
------------------------------------------------------------------------------

To further explore the influence of hsa_circ_0043265 on NSCLC, we constructed the mice xenograft models. After 5 weeks, we discovered that the tumor volume and weight of the hsa_circ_0043265 overexpression group were markedly reduced compared with the Lv-NC group ([Figure 7A](#F0007){ref-type="fig"} and [B](#F0007){ref-type="fig"}). Moreover, qRT-PCR showed that hsa_circ_0043265 expression was remarkably increased in the Lv-hsa_circ_0043265 group compared with the Lv-NC group ([Figure 7C](#F0007){ref-type="fig"}), indicating that the transfection effect was excellent. Also, we uncovered that miR-25-3p expression was suppressed while the FOXP2 protein level was increased in the Lv-hsa_circ_0043265 group ([Figure 7C](#F0007){ref-type="fig"} and [D](#F0007){ref-type="fig"}). At the same time, C-caspase 3 was improved while proliferation-related protein PCNA level was inhibited by overexpressed-hsa_circ_0043265 ([Figure 7D](#F0007){ref-type="fig"}), suggesting that hsa_circ_0043265 overexpression promoted apoptosis and inhibited proliferation in the tumor. Therefore, the above results confirmed that hsa_circ_0043265 had an anti-cancer effect in NSCLC.Figure 7Effects of hsa_circ_0043265 overexpression on the tumor growth of NSCLC in vivo. A549 cells transfected Lv-NC or Lv-hsa_circ_0043265 were injected into nude mice to construct the NSCLC mice xenograft models. (**A**) Tumor volume was calculated with length × width^2^/2 method at the indicated time point. The representative images of xenografts formed by both Lv-NC and Lv- hsa_circ_0043265 were shown. (**B**) Tumor weight was measured in mice. (**C**) The expression levels of hsa_circ_0043265 and miR-25-3p were detected by qRT-PCR. (**D**) The protein levels of FOXP2, C-caspase 3 and PCNA were evaluated by WB analysis. \**P* \< 0.05.

Discussion {#S0004}
==========

CircRNAs currently play a vital role in cancer progression, and many new circRNAs are waiting to be explored. In our study, we confirmed that hsa_circ_0043265 was lowly expressed in NSCLC, which was consistent with the results of Chen's microarray analysis.[@CIT0011] Also, gain-of-functional experiment results determined that elevated expression of hsa_circ_0043265 impeded proliferation, migration, invasion, EMT, and induced apoptosis in NSCLC. Besides, overexpressed-hsa_circ_0043265 also reduced the tumor volume and weight of NSCLC in vivo.

At present, many miRNAs have been proved to play an oncogene or tumor suppressor role in NSCLC. Ren et al revealed that miR-210-3p was upregulated in NSCLC and promoted proliferation and inhibited apoptosis of NSCLC cells.[@CIT0027] Moreover, Huang et al suggested that miR-497 could act as a tumor suppressor in NSCLC to hinder the proliferation and migration of NSCLC cells.[@CIT0028] For miR-25-3p, Ding et al reported that miR-25 could promote the migration and invasion of NSCLC.[@CIT0020] Also, Xiang et al suggested that miR-25 was related to the proliferation and motility of NSCLC.[@CIT0021] All these confirmed that miR-25 might be a vital regulator of NSCLC and played an active role in the development of NSCLC. Here, we discovered that miR-25-3p expression was increased in NSCLC. After bioinformatics prediction and further experimental verification, we determined that miR-25-3p could bind to hsa_circ_0043265, and its expression was regulated by hsa_circ_0043265. Furthermore, the inhibition effect of hsa_circ_0043265 overexpression on NSCLC progression could be reversed by overexpressed-miR-25-3p. In vivo experiment, we also verify that elevated expression of hsa_circ_0043265 could reduce miR-25-3p expression. Given the role of miR-25-3p expression in promoting the progression of NSCLC, the conclusion that hsa_circ_0043265 promoted the progression of NSCLC by absorbing miR-25-3p could be better understood.

FOXP2 has been reported as a tumor inhibitor, and its downregulation was involved in many cancers progression.[@CIT0024],[@CIT0025] Yu et al reported that miR-196b promoted the migration and invasion of hepatocellular carcinoma through targeting FOXP2.^29^ Another study indicated that miR-23a functioned as an oncogene to promote pancreatic carcinoma progression by targeting FOXP2.[@CIT0030] In NSCLC, FOXP2 expression was also considered negatively correlated with the progression of NSCLC.[@CIT0026] Consistent with previous studies, we also found that FOXP2 expression was decreased in NSCLC. The function of miRNAs is achieved by regulating the expression of target genes.[@CIT0031],[@CIT0032] Here, RIP and dual-luciferase reporter assays confirmed that FOXP2 was a potential target gene for miR-25-3p. FOXP2 expression was regulated by miR-25-3p and hsa_circ_0043265. Besides, functional experiments confirmed that FOXP2 knockdown also could invert the inhibitory of hsa_circ_0043265 overexpression on the progression of NSCLC cells. In addition, overexpressed-hsa_circ_0043265 improved FOXP2 expression in vivo. All results were consistent with previous reports that FOXP2 still acted as a tumor suppressor in NSCLC, so it act as a target gene for miR-25-3p to involve in the regulation of hsa_circ_0043265 on NSCLC progression might help us better understand the mechanism of hsa_circ_0043265.

Of course, our study has some limitations. The overexpression of miR-25-3p only partially reverses the function of hsa_circ_0043265, which indicates that there are other miRNAs involved in the regulation of hsa_circ_0043265 on NSCLC progression. Similarly, FOXP2 knockdown also partially inverts the effect of hsa_circ_0043265, which indicates that miR-25-3p also has other target genes involved in the regulation of hsa_circ_0043265 on NSCLC progression, which therefore needs further exploration and improvement.

Conclusion {#S0005}
==========

In summary, we concluded that hsa_circ_0043265 regulated FOXP2 expression to hinder the proliferation, metastasis, EMT and accelerate the apoptosis of NSCLC cells through sponging miR-25-3p. The study of hsa_circ_0043265/miR-25-3p/FOXP2 pathway provided new targets for early diagnosis of NSCLC.

Highlights {#S0006}
==========

Overexpression of hsa_circ_0043265 inhibits NSCLC progression and tumor growth;MiR-25-3p can be sponged by hsa_circ_0043265;FOXP2 is a target of miR-25-3p.
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